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(54) SEMICONDUCTOR INTEGRATED CIRCUIT 

(57)Abstract: 

PURPOSE: To reduce the current variation of an out putted 
differential current signal by feeding back the output voltage; of a 
4{ , J f|' circuit to. the .gate terminal of a constant current transistor TR 

* - directly of through: an amplifying circuit 

1 1 CONSTITUTION: A transmission circuit provided in an LSI 1 on 

* the transmission side consists of a differential amplifying circuit 

|| which consists of differential TRs Of and Q2 consisting of a pair 

J.L r of N-MGSFETs having sources connected in common and a 

d t\ i constant current source CC connected to the common source 

terminal of these differentia! TRs QI and Q2, and drain terminals 
of differentia) TRs 01 and Q2 are connected to signal output 
terminals Ta and Tb of the LSI In this case, the constant 
current source CC consists of a pair of N- MOSFETs Q3 and Q4 
connected in parallel, and output signals (a) and (b) of the circuit 
are directly fed back to gate terminals of constant current TRs Q3 snd OA 
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SYSTEM USING THEM 

(5 7) Abstract: 

PURPOSE: To provide an output circuit, an input circuit 
and an input/output interface system using them capable 
of transmitting signals at a high speed with low power 
consumption. 

CONSTITUTION: Complementary logic signals DT and 
/DT outputted from an internal circuit IS1 are converted j 
to complementary current signals IO and /IO in this p- \ 
output circuit OP1 and outputted to transmission lines ; * ^. 
Tl and T2 in a current mode. This input circuit IP1 i * 

converts the inputted complementary current signals IO Ifjj i 
and /IO to complementary voltage signals VO and /VO i 
and outputs them to the internal circuit IS 1 1 in a voltage ■ 
mode. 
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#SEMIIik &J;t^;fi^fflu*:Aite>J 

1 s 1 frt,fcjjztiztomimm 

DT, /DT^AWOP lT'MmSfl^-IO, / 

1 ocd^cml, smmm 1 , t^^h^-ft*^ 

■fl . A^0ff£ I P 1 fi, L^fflffiHStt-^ I C\ 
/iofcfflfflmet-fvcA /votlgstu «E^- 

1 mm 1 s 1 l^tBii-fs. 
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siH;ffl»ffii fcivm2fflffli&afi^&git^A^ 

tffiEA^s^A^ £ ^^tfriam 1 *> i v m 2 mmkmm 
^eommzm t t . friES? 1 & i # & 2 fflnwssm-f-* 

HtjrfCm 1 ffltffiiftgfa- vt'x'fts h i-^ri . -¥i» : fi 
■I 1 -- 1 mw-ifM l m msmmbim 

mm 2 &mzmm § *u mmmmm, t mm^tit 
m 2 n mo s h 7 y=jx? t i^msm 2 tetrad 
ek. 

[11*114 ] mmm^mi. 
mm 1 mmmmtt%ft&y- h u -sc« 

X? t £^011*11 1 IEJK^ft7J0S#, 
[11*115] fjfEffi^Sii. 

tffiEig 1 immm-k&fth ?- v t , -set* 

lHmj±&®t-g.m 1 v Tffl p m o s h ^ y^'x^ 

fc, 

mlEffi2ffl|imaff^^S(t-S»^-h^fi-L. 

1 Etliltffi^glt H 2 7/fflPM0Sf7yy 

fc ^^if*ii 1 iE»oai^0ff# o 

[11*116 ] Mi^MJ^Um- h'T'fe 
ffilEA m^tS £ ti^tiffE® 1 i3 i^'® 2 fflffljUSft 

2 fflffltnEfi ^he^e- p -crataj h^mm 

[it*ii7] mimmf-m±. 
mtm 1 a zxtm 2 mmmmmcom^mm 1 . 



if*J|6lE»«A7]0E# o 
[ft*»8] |tflE*^>-b3y^^0S#ii, 

-S^tulE® 1 ft#Mifc«^ixl>ffi 1PM0SF 

-W/lulE® 1 PMO Sh5^^(?)Mi:^§ 
*U SJft^ftfcgttS h £fttZ>m2 P MO S b 7 
y : JX?b. 

-smmm2 pmo sY^yjx^cnimtmm 
*u ff!!ffitfflia«wi^s^sffi2t#t. 
-at: ffiiE^ 2 mus ft^stt, flfissgt Bjiamiem 

-ffi^'Mie^ 1 ft?t«-S5 1 5 *u ffiSi* s fflEm 1 
PMOSb^y^^^y-htSgE^iX. lftiESSlfc 

y-b^^i>m3PMosh7y^^t. 

-SSBj^IBH 3PMOSf5yy'X? ± V'filE 

JMffi£Stt6y-h£#*ft84PMOSh5Vi'*X 

-Jft6*i9iESf4 PMOSf5yyXMffiffittl§ 

BUlEm 2 P M O S h 5 y vX 9 fc ffilEffi 2 1 ffi t 

^A^BulEm 1 fflaWffliWItaSfu 

huIES4 PMOSf^yy'x^t 1fflEH4 1 # t «ossk 

^A^BUlBH 2 fflfflUfffl-t s&sjiJ * § itl» If *II 7 f Ett 

«A^[11S^« 

mm. 9 3 tfffE^ ^ > h 3 > @s«(i , 

-mtfmzmimv-mtmmztiimi nmos h 
-s* { fiia® 1 nmo s b^y^x^eofififitastts 

it. mSmE£S(t£y-b£#t-£Ss2NMOSb5 
-S^BUlBII2NM0S h5yy*X?«(fiStSi? 

it. mmzwmnmmi±^fm2mt , 
-mzmmm 2 wmmmmt^.. mmzmmmm 

-mmmm 1 t&mzti. immmm 1 
NMosh7y : Jx?coy~bttm^ti, mmmin 

J;t;i2NMOSf7yyX? ^m^MiiL 

-ffi^WiaH 3NMOSf 7 yy'x; ^ffiSfc i y'mlB 

miNMosb^y^^^-htfticSix. tufam 

-^luiElg4NMOSb7y^X^iO«t^§ 
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mmm 2 n m o s h y y 9 1 mmm 2 m t mm 

^.^mmm 1 mmEm^tfftjiitfL. 

m mm 4 n m o s h ? y vx ? t m sm 4 n m t mm 

[if*ino] mmx^mt. 
mmm 1 mmmmm^^mm 1 x^isb , 
mmm 2 rnmm±m^m h m 2 7 jjs t ? . 

-&mmm 2 xjisbmmztu « t mmmmmR 

[ifn 1 1 ] ^m^\mmsrLxm^t- v? 
mm^tiimm^mixmm-h^x, 

mxmTizmmfdmz%v. nmxum-izm 
mmwami^y^u-?^*., 

-WKfiENMos h7>vx?cv{mtmmzti. m 

WIBNMOS h7y^t MEA?tt^mSA^if 

i s«Eft ##aj}j 3 *u. 11*11 1 1 mm^xti . 

[11*1113] ffitEJtK^KJi, 

m£msi%M%K*%V&m 2 P MO s hy VJx ? 
t, 

-swim 2 p m o s h y y * mm t mm $ 

miaH2 PMO S h^yyX^t HUtaft^ft^S^*^ 

^MfEmEfiWffi^ix£if*if 1 lfBiE^A^tU 

[it^iii 4] mtiummi. 
-mzmmmM^^hmi nmo sh^y^ 
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-mzmsmmmzv. vmmm 

lNM0Sh7>:JX?<7)¥~htim£il&m2NM 
OS h5y i?X 9 b , 

— S^' fuf SI? 2NMOSb5yyXj' WffiSfc J: t/^'- 
bfc«SK3*U ffiStffffEmiI€J±£Sit, IfflESlP 
mo s t- ^ y^'x^ioy- bfc iVirlEIS 1 NMO S h 

y>vx?hmm. \ PMoshyyjx^ tmrn^ 
kimzii&y-h^t&mi PMosh5y^ 

MlEffi^©ii. 

BUlES2PMOSb7y^X^«y-bt»^Six§y 
-h£#U -SttulE«S«J±&g(t^S3PMOS 
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ti, mmizimmm&nmt^^. 
mmm 3PMoshyy : Jx?b mmm t coim&fr 
hmm&m ^v&ti zti&mm 1 1 mm^xm 

31 

-«fc19iE«em#*S(t*S lPMOSh^y^'x^ 

fc. 

1 P M O S h y y Vx ? vim b gS£ 

ti. mmzimm&z%tt&mi NMosh^y^'x^ 
bs 

•m £ mHd«'> -Sii.-tyH^Emi I'lvio s !- -7> > 
x^^hfciia, tulEmiPMOSh^y^x 

^ t miE® lNMosf^yyx^t t mm s 

ill>y J -h^t-^lg2PM0Sh7y^^t, 
-S^'fllE® 2 P M O S b 7 > y^'X ^Wffiffi t 

fl i h t ji^i i. mm%2 I P-7 
yxX^flfiSfcit/mBmi NMOS h7>yx^ 
y-Nf:«faS*l4* , -h*#rS»2NMOSh5>' 

mmm2NMoshyyy'x?vir-hmmfLzy- 

h U flfiffitmEJgfflmffi* SttS^ 3 NMO s h 
^yyx^i, 

-«^BUiEH3NMOSb^y^^w«t«^$ 

ffif ES 3NMOSb7yy^t ItflEt # t SOS^t* 1 

^MiE^Efi^^arti n*ii 1 1 mmcoxji® 
rjm2mmmmm t rmift^- Y-zimthx&^A > 

9 y x -X yXf AT" J> -o T , 
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mmm 1 is ± # & 2 mmm^mn^mm^- vx-mmm 

futEA7Jffl¥»#:Sgi4, 

mmmmif lx atj Ltimm 1 tszvmmim 

& mmtt/^m t , mmm 1 & ± 
^2ffiM€Sfi#«m^jEt^5utM^igi ax 

[ m% 1 7 ] mi?,m*m{*mii , 
mum i mmnm^m&m i ATjst , 
miam2Mmiift^^g(ti>m2A*st , 

miam 1 ATjSfc KtHff£«**S^fi^S 

mam 2 atjs t sss ti. « tfrf E»sss*fi£gw- 

fcSffitftfc * $ ^dtr&WK 1 6fSf^AtiJ7J 

[ if *ii 1 8 ] m^mm^mm^ h xmm^mwm 
m^mmi^Lxmm^- vx-wmmwrnt s a 

mos h^y^^^^a^six, fflffi«sK^sr«a 
Yxmzm®<\ftj)ti&mm^. 

Ef|-f £*E*- FTT»ft7Jt-|>A7J[Ili&£-grtfA 

[ICTcOi»lM] 
[0001] 

£> £ ffl ^ ^ ALH4J 4 y ? 7 1 -x i/ x r A t -5 *> £0 
X'fo&, 
[0002] 

t LT, TTL (Transistor -T ran si 
stor Logic) , LVTTL (Low Vol 
tage TTL) fW-j 7x-Xffii>if ! )|i, d 

m\ i o o mh mzirt&mzim? 
i>*§^, mm. $&m<wsMim&t&. g 

TL (Gunning Transceiver Lo 
g i c ) , CTT (Ce nt e r Tapped Te 
r m i n a t i o n ) t§^/J4Hg4 > 9 7 x-Afflfctfi 

ws&tix^h. zti^mmj >?? *~xmmz 



i o o o 3 ] ±~r , m&>\uj]mi&?$>z>y'vi/2.7>v 
M&jim^jv^xmwmmL^mm-th . m 1 

214. t^^Tv^A77PMffi43ll]K?rfflV^cAaj7]4 
y^7x-XyXfi* CDfftSSr^-f 7"n -7 ? HIT'S) h . 
[0004] 01 2£#SILT, AffiTM >^7x-X 
^XxAI4, ^WfritE I C 1 0 1 *5 £tf I C 1 1 1 

fsM«T i o i i-tts. ^mtkmw. icioi 

(4, rt«EI» I Sl 0 1, tH7j0f#O P 1 0 1 £Mf „ 
fHAWOPlOKl PMOSF5yy'X^Q10 
1 , NMOS15yyX^Q102^ 
IC111I1 ffiftR 101, A7J0S& IP10L P4 
SflHKl Sl 1 lilrts. A7J0SI Pl 0 1(4, ay 
AV-?CP l o 1 ££tr. 

[000 5] T-v^jLTfimcD&tsm^OP 10111 

rjir-yr^PMoshyyjxfQi o mxx/r 

;|^^yfl§<7DNMOS f^yjy'X^Ql 0 2C± OffES 
PMOSf5>yXj?Q10 1fcJ:y'NMOS 
F^yy'Xj'Ql 0 2Oy--FtCf4, WaSHffil S 1 0 

i3&^aj*§<ism#*5tts. ffi7j0S#opioi 

(4, ATJUcfl^OEtT, ^4K^i^(±n-L< 
;l^>aj^#*€sjSW»T l 0 l 'vifcfrtS . i«o t 

En73§tu4i^(4, pmos h^y^^Qi o i 

[0006] — ^r, A740SSI Pioili a 
^CPl 0 ltcfcOflllSS^*. fEl»Tl 0 1*^ 
LTA^S^ft^ii, ay^V-^CPl 0 1 tA* 
Sit?,. 3y^l/-?CP 10 1(4, A7]7-^N1 0 

i««fit»«fiv r e f con&kzmi. mi 
fzmir-m >: -cm./j^^i*ia;i!!iK isu l^m./jt 

7Jjy-KN10 1ttt, ^KiffiStRlO 

1 hi ^ niWtl 0 1 1 ffiinuUfllSE V 11U TU 

VTTtfgg^ixTfe 0, AT] /—FN 1 0 lOttffl* 1 
»JS*fiVTTC»sa§ixS. Uc^T, SilU8»T 
1 0 1 0^144 y h-^>/ t^SfiffiR 1 0 1 CD4 y 
t y 7. t WS^'K A,ilT ^ & . ±f S««t J; 
*) , ^aSfrSa I C 1 0 1 OffiTKUSO P 1 0 1 jjp&fc 
iMSi^T 1 0 1 £^LT^»*^g I C 1 1 1 MI^^' 

[0007] ^*«4--/°y ■ FL- 4 yMftiTJlH 
Utov^TftWS. 01 3(4, ^*i0^-7°y ■ Fly 
4yStiJ7:[lI^ffl^^Atii7j4y^7x-xy^TA 
cnm$L^i~7"u>y7mx°foh> 013t^4-Atti7l4 
y?7i-XyXfAtlll 2^-TALii7j4y/7x 

-xyxxAtT"M ; 5rl»*{4, *4j^op l 0 1*^ 
4J0E&O P 1 0 2 {c^ES^nst 0 , ^soffic?) *i4 

[ 0 0 0 8 ] M 1 3 £#BBLT , ^Wft^S I C 1 0 2 

t4, isioi, ai*ia»o p i o 2 tuts. 

tbTlIUSOP 1 0 2(4, NMOS hxy'JXfQl 03 
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[0009] *-r>- vua vmsiimtop 1 02 
i±. r;Wyffl«NMos Yyy'Jx^Q,i 0 3*»fe 

«Sixl> 0 NM0Sb5>y^Ql 3 lO^'-h 
(4. ftSPHIS&I S 1 0 

NMOSb^y^'X^QlOBfi, A^Jt^fl-f-tJtEt 

^tt^tMLTte. NMosb^y^x^Qi 03© 

IMttHffe. $*Smf5VTT^SW5Vr e f ± 0 

in. . ±ie«»^t± o . i c i o 2 wsja 
ins&o p i o 2t^\mmm 1 o 1 s^LT^ttss 
sic 1 1 iMt^mm^tii, 

[00 10]}«:> GTLffl^AftlMy^x-X 
isZT&fc"2^"CW8®ti>. HI 411. i£*<59GTL$ 
fgcOAffi^M V* 7 x-xyxT^M^^t^a -v 

[00 11] HI 4 £#!SLT. Affi1]^>77x-x 
^XrAii. fifHa I C 1 0 3fc Jtf I C 1 1 2 . 
6i»T 1 0 1 ££tf. I C 1 0 3(4. 1*1 

m& i s i o i . mmm p 1 o 3 . ftmsiR 1 

0 2Sr#tfo BWjEIB&OPI 0 3(4. >f^WG10 
1, G102. PMOS byy'JX^Q 1 04. NMO 
SN5y^^Q10 5~Q108^tJ. ^mWtciHI 

1 C 1 1 2i±. rtgEW I Sill. P 1 0 
2£#tr 0 A±t0Kl P 1 0 2(4. PMOSb^y^'X 
?Q1 1 1~Q1 1 3. NMOSf7yyX^Ql 1 
4, Ql 1 5 

[0 0 12] 

nmmfriMm-f&tzfo, NMosh^ys^Qi 

OOiUVQl 0 7(4. NMOSh7>yX^Q108 

stif'ftJr^K'ti. aj*/-HNi 1 1(4. » 

«f/iR i o 2^ rt-L-C^*f>:vTTi_^5itTu 

s„ uc^-c, mmmm 1 o 1 yt-y> 

x t ftSfiiSR I02o>fy b-ryx t og^Wi 

SJ^fcHfiSfrO^S. NMOSf5yy'Xj'Q10 
^j(C|l|tT(4, NMOSh^y^^Ql 08cDlBltt 

^iife. $*smevTT^s*mev r e f j 9 i>k< 

l^g-f 5 £ fc t i 0 . > W . 
[0 0 13] — AAEfS I P 1 0 2(4. PMOSh 
7/yX^Ql 1 1~~Q1 1 3, NM0SH5y^ 
Ql 14*3j:V'Ql 1 5frt>%&mffl18®mz£i-Z 
mULZtLX^t. Atimi PI 0 2(4. At) J— KN 
1 1 2cO€f5tS*mfiV r e f fc£Jt«L. JfcRtSS 

JB»i s l l l^EfcfrtS. ±fEcDjtefF-tJ; 9. 

i c i o 3frt>&mmT i o i i 

C 1 1 2Mt##tKj&3fl4. 
[0 0 14] Kfc. CTTSfgcOAaWMy^x-X 



^XTAt-5UTlMt-§ 0 01 5(4. CTTSfSOA 
SB* 4 > 9 7 x ^ XT^Mm-^f -J'u > y ? HT' 

[00 1 5] HI 5£#KLT. AtttTM y^x-X 
WfAli, ^»#:SgI C 10 4felU'IC 113. 
eS*8l&T 1 £#tf „ ^mfkmW I C 1 0 4 (4. ft®® 

ss i s i o 2 . aj^siBo p i o 4 £#t? „ aj^msso 

P 1 04(4. HWHKCL, ay^y-^CP l o 

2. PMOSb^yy'X^Ql 2 1. Q122. NMO 
Sb5>*SAX?Ql 2 3. Ql 24£-&tJ. ^Wftgg 
IC1 1 3(4. fflWlSll 1. AMIP10 

3. **SffiffiR 1 0 3 £^tf 0 AMHP10311 
3^I/-^CP1 0 3 

[00 16] CTTSf&OtfcfjUH&OP 1 0 4(4. 2ffl 

mmm&ZMtfdk. ^y^y-^cpio2comts^ 

w&$*x\^h. ¥m&mwi c 1 1 3(^tt(4. h 
1 2 t^^*^s i c 1 1 1 1 nmzmf^ti . ± 

Ificoifif^tc J: 0 . I C 1 0 4 i^giMT 

i ^^LT^ftga i c 1 1 3s\mmmztii, 

[00 17] 

[^HB^jS^LJ: 3 t-f SPffl] ±IE^S£*MT"(4. 

ms^iwai^w^gm^'A^ < &s 1 ran 
mmwm. < > t-y > x . ft x wmmcown 

^(cj;D. ff^-tcKW^t. «3ifcfI^£fM-&i 
[0 0 18] JJJfiomfEt-Ft iSAffi^^f^^^x 

-x^xt-ai^kc. mfi^-Y^zxhA^m-iy^y 

LT(4. ECL (Emitter Coupled L 

ogic) 4yf7x-ximt>iiX^h. tztm. 

Tomoaki K AWAMURAft ( NTT LSI 
Lab. ) tlJ:oT5fiSSfLfc|ftX "An Extr 
erne 1 y Low— power Bpolar Cu 
r rent— mode I/O Circuit fo 
r Multi-Gbit/s Interface 
s" (1994Sym P osium on V1SI 
Circuits Digital of Techn 
ical Papers) tMi, . ±IB^^T'(4. A* 
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VV Y ■ XA v j- ■ K5>f A-CBljSSfL, xij®m±. 
3ty- K-x ■ JiAtf-y Yy>i/X-?TmttVM£ 

[0019] ±IBoaj^E»fc i^A^EfS^fflv^* 

^T^fflffi/StfaiS. t-f. s<A#-y- hjy=Jx 

?t:m^fzm^, ?v*.xm£M&&th. ±tz, ^a 
rxn^mt-titz^, mm&hnztmfr* 

\>\ £ tt, ±feoffi7l»fc^A*0)&i4A4;K- 

0 s h 7yy'x^«S»i4«i^T& 3 ; t\ire*% 
v\ Sfet. _bfa<5oaj^rlEii&t3 i-yf^^iEilWi. ecl 
>f y * 7 x fc « a yy -r b* U f < £#Ji Lfc M 

h cr)-c\ -m^mmm-mmA y ? 7 * - 
x^wmm lw vita x o %rm&m -> tz . 

[0 0 2 0] f«tI : E-F»ECL^/i'7x 
-Xf: LT14, #I3T4 - 2 0 7 2 2 3 ^&$8£BJ^S 
fl&aj^EIHk ^IB¥4-2 07224^«tiB^S 
*lSaj^0». »S6 2- 53 5 1 8#&$S£H*§ 
*iS»»lll»fflaj^N*7 7rlllB*«*)4. £*i&tf>#& 
fB(cW^S tufz. ®m . m o s h ? y =Jx ? £fflv ^ e 

ECL^^7i-Xi:«3^f'ft'iJT^fSL 
tWtMOT, -)Efl%fV^x (fiBBr'^* 

^affl^ a y?7x -x^mmtm i \ * 

[002 1] £tz, n%&±>*M&t LTfi, fcfc*. 
(1 Evert Seevinck (Senior M 
ember, IEEE), Petrus J. van 

Bers, and Hans Ont ropfttj;^ 
"Cur rent-Mode Tec 
hniques for High-Speed V L 
SI Circuits with applicat 
ion to Current Sense Amp 1 
if ier for CMOS SRAM' s" (IE 
EE JOURNAL OF SOLID-STATE 

CIRCUITS, VOL. 26, NO. 4, APR 

1 l 1991) izm^titzmm^hh. c\<r>mn 

14, ■ ±/V- TUAWT-fZWatZtkUz 

^MACDmmm^L. m^iEtsesiLTiramv 
■ ■ ruAizmmtitzt-/ mm^hsw** 



[ 0 0 2 2 ] SjlfCT-^iSl^ 
ifcj&^Sfcfcfcfcl. fff»«7J £ffi<»;c&ifc 
§SA*EIJS, tfcfJ0E#. fcit^ft^fflv^tAfctJ 
-fy?7x-X Wf A £gflW" 1, i fc -Cft h . 

[0023] *I6^0§ ttflfi^SWJi. HRW£¥# 
tt£fi£iEfc8L-fcA:&0BL EfJ^HSik is J: Aft* 
jy^7i-^y7fA £ W&~t lZtVfo&» 

[0024] 

[isii^»?^-ti> ttoo^g] »i i tmmmm 

SiHcM^mi fcJ;y'S2ffl»aff#^gttl, 
ATJffifc. AllS^A*$ii^lfeJ:ym2fg»I 
ff^mfitJEEtT, Slfci^S2MmSff^^« 

[0025] mm 2 ibimtj mmt. mm 1 is® 
[0026] -mmim<vftji®mi. immmm 

»lffifiiK««S/i, «^«S?itSSSiil»©lN 

hSr^t. -*6&*S2ffiSifcifiKS*u 
g^§il|)||2NMOS h^y^'X^tSr-i-tf. 
[0027] 11*114 E«Of±i73@i?S(4, 11*11 1 IBtt 
cOaH^0^«Mai, tn^¥Si4, miMtfeSft 

T^^>7 y.SjNMOS b?y VX 9 k^ W>2 ffitttfelift 

77WyfflNM0Sf5yyXj?t^O„ 
[0028] IfsRiM 5 IEaoai7JEK(4. IfsRlf 1 1E» 
«ffi7JElS^*5£tJ0^, tH77#Si4. Slffiilil 

#*S(tsy-h*#t. -Sitmsmff^sft^mi 
r;pT •/ 7°ffl pmosvyy'jx9t,w.2 mm&m 
^gtts^-h&^L, -sitmismj±^gft^m2 

77l^T'/7°fflPM0S f^yy'X^fc^-g-tfo 
[0029] lf*ll6iaa«A7J0Bi4. 

i 2 ffifflma^ * ®t 6 A A -o t , % 1 

uztitzm i fc J:^2M«aff^m^b^mj± 
^t^^t s?ifc=fcz/ii2 ffl^Sfi^^matcjs 

tfc2^fcffl*K:S51 fci^S2fflffimEff^£€E^ 
[0030] if*ll7iE»OA7J@i&(i. If*il6ia» 

^ATjH^wcjp^, ^#^(4. miaxt/m2 
m-tzxi-ybayKAmm^. 
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[oo3i] mxmnmnxmmz. mmmm 

mzm i ffl*fwsflif-£gfrj-, mmzmmms.^m-r^ 
m i ft^fc . -mm i fl^-stssg§^sffi i p 

MOS N5^?t, -S^'ISl PMOSh5yyX 
%2 P MO S h y yi/X-9b . -S^'S2PMOSh7 

y ^ * fc $ *i . « \<zmmR &® t § & 

HE£S(tl>SI 3 £*f fc . 1 Jlffio-Sfc SBR 

gl£J;lfS2PMOSf7yyX^ii*» 

mti&gttfty- h&^rtsm3PMo s h^y^x^ 

pmos b^vyx^ioy-ht^Six- ISflMftS: 
Stt^-t-^frtSIMPMOS h^yy'^fc, - 
WH4PMOS h^y^^fiOflfiSBtSSRSn. fKa 
fc«ft«i£5lt.&SS4fiffifc£-£*. ®2PMOSh 
7yy'X^tg2tf!: SI 1 fflfiMEfi^ 

tfSfc&SfU ^4PM0Sb7yy'X^i:S4t?tt^ 
m£*^£2ffl*f*EEfI##atfj3fiS. 
[0032] iMll9fB«?)A7»(^ n^7ie« 

m i . -sBa*ss i mcostmmztitm 1 n 
mos b^y^'x^t, — s^iNMosb^y^'x 

!2NMOSN5y^^i:, -J§#|?2NMOS 

>'jx?combmmzti, mmznmnmm&m 

§tu ffis* 5 ® i nmo s h y -yitxtny- y t mm 
zti. mi&£vtm2NMosYy> : Jx?(7)mm&cr> 
nmgtf&y-Yz^hmNMosYyyisx? 

fc. -S^3NMOsh5yyx^o«fcJ;ymi 

NMosb^y^x^o^-hfcSM^ti, mnmE£ 

] S.nhy~Y^-fhW,ANM0SYyyV : X9t, - 

mm4NMosYyyy~x?cDimtmmzti. m® 
fcw&m&it^tf&mAmti^. ®2NMosh 

y y i?x 9 b m 2 %M b cDim&frt>M l fflfiMEftf 
ffftJiZti. m4NMOSYyyy"x7bm4mbcD 

mm&fr^m2®mnmmm^tih . 
[0033] mm i otmcoxmsm. mmem 

m^ntmixm^b, w,2mmmmtm%nm 
2x^sbi^. xiimm. -mmixmb# 

b. ~mm2x^bwm^fi. mmzm'Mcm^m 

[0034] n*ii 1 1 tm^x^mm. 



*ifciH-5Jt!R#st - assist nitm^mzmt 

[0035] mm 1 2fs»oA*0i&f±, n*if 1 1 
^tmsfi^s^ iE§ijA^s^tfflimE£®« 
y- i^#u -mzmm^mih n 

mo s l- 5 y y'x? b , -S^'nmos h y y-Jx?<n 
ire-h;-^ m izwm e * i ■ t * p. k t * & 

» . NMO S Yyyitx^b^-Mb mU&fr h lEff 
[0036] ll*H 1 3lEaOA*0^(±. lt*H 1 1 

^tmiifi^^git. ft(iA^s^c»me^s(ti> 
mzmnmKzm&m iPMosYyyyx?b.? 

»«£E*S(t6« 2PM0Sh7yyX^t, -Sg^B 
2PM0Sb7yy'x^^«fcSS$ii, fWtSfflfi 

*ffl^SJt4tffifkt*». m2PMOSYyy > JX^ 

b mb^mu^i^mmm^^tit . 

[0037] if $11 1 4iatt«A*@S§(±, 11*^1 1 1 

i£««AM^»^Dx, Jt«^Sf±, -»t«s 

y-YtfmiNMosYyy : Jx7<7)mtibimztL, 
mmzmmnzmm iPMosYyyjx^b, 
-mzwmmz^tf . imaxvy-Ytmi nmo 

Sh7>yX?«?-ftti^MI2NM0Sf5 

yy'x^L -s*^2nmos h^yy'x^fMfc 
J;^-btffi^$ix. «t€«€E^S(t. IIP 

> : xfbW>\ pmos h^y^^fcwg^t^S 
tihy— Y It^^hW- 1 PMO s Yyyyx^b^ 
^ ffi^Sli. m2PMOSYyyisX?cr ) y-Yt 

mtzti&y-httu -mzmMmEz&i&m 
PMosYyy ; Jx?b. -&m3PMosYyy : J 
x^commbim^ti, mmmnmm&mb 

S 3 PMO S f- yy =JX 9 b b CD$m&fr 

[0038] mm 1 5§mcDXJjmm.. mm 1 1 

mmsnimiPMosYyyjx^b. -s* { ni 
pmo s Yy>vx?cr)m&tmmtL. mmzmwm 
e&gttssgiNMosb^yy'x^t. -&mip 
MosF5 y vxwf- y bwmti, m&mmm 
i^mf^mxb, -&mw)-&j;v : mi pmo 
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Sh7>z/Z?cr)7-htmWi£il. W.I PMOS by 
yXx^tmi nmo Shy yXx?t cr>mWL$±im 

mm 2 pmo s f y y xx 9<?y\mt mmzti, mm 

tZtmWmSH. %2 PMOSh5yy*X?«fc 
iVllNMOS b yyXX^ff)jr-b tM^tltV 

-y^~thW,2NMosyyy=jy,9 1 ftj] 

$-*-F£#U «tgttmfi^®tSH3NMOS h 

yyXxjt, -&W,3nmosvyyXx9nmm 

3 N M O S F y y XX 9 t * # fc «»M &frt>W±m^ 

[0039] fMifli btmnxftiiAy97x.-xx 
i^tf-LT^SE*- FT"5Wcffl£H 1 J3 Jtf&2 

vm2 mwmm ^mmt- bxim^m^i- * & 
m&*if^ Am^m&mmi. mm^ixx 
■nuzfti i ^fflWES - s;*iL;t' 

[0 04 0] ifc&Sl 7fS««A*7M y?7x-X;y 

XrAii, im^l eim^Xfttrf y?7 x.-xxx 
332AMifc, -»#m;UJJii:88R3*u flHSfcBr 

[0 04 1] 11*111 8imcDAStf]-l y? 7i-Xy 
3MK£ tf- L-cmSEt- F T-m^ff n & K5I-t 5 AtflT] >f 

JEK- FT''fiSttfi7WA7JlI]$£-#rtf , 
[0042] 

urn] mmnifr^immnsMmco&mmzii^ 

tzm i a x vm 2 mwm.mm^zmm=t- ht^^eb 

[0043] m$m titsia 1 o ibk^a* m» 
tts ^ t a . mat- h -cfeiM zti&^^zmm^mi 
t-itr/m2 rnmmmm \t*wmit'<g® 



[0044] If *H 11^ t If 1 5 tE»c0 A* 0 

»fci5 i^t a , nm^ - f T"fsjM § titzmmmnniii 
m^mmmzt £it«u immmzmtxmmm 
^cvmmzfcttzmEm^mE^-vvfimziiijii- 

[0045] tmm 1 6axxm^m 1 7ts»coAai7j 

a»&Sllfc JtfS&2ffl««^ft#£«^- FTlsiMIS 
^atfrtS^fc**-^ A7W«*SIKi. ATlL/t 

is i hxvmmmmt^wm.it?tmimik^i 
m l . m i *s ± # & 2 Mm?! ft^m«t« ttsi ^ 

CtS»l 1 £lt^2fflli«e^i^€J±t- FT'rt 
[0046] ff*lMl SlBtt^vffi^-O'^y'x-X^ 

x^3&^«^n^ai* ^ mswi^ - f 

[0 0-1 7] 

fsmtt . 1111 *^bjos 1 «»»j»Affi7]^ y 

[0048] H1^#SSLT, AtB7J-<y^7i-X^ 

xtj^h, 1 c 1 # i v 1 c 1 1 , tesnifi 

T 1 . T 2 &#t^ 5 #SS*WCIi, ^frS* I C 1 A> 
tWT 1 ti itfT 2 Sr^Ltm^- HTSV^t 
fflW^fflH©ifI^*^«f*gg I C 1 lMsMSix 

§ . ^«f*^a 1 c 1 1 ix -r s ^ 5 y /a 

7?±X* =6 'J . yy^ntx^ tSv?5 yj?l±T 

Cllt LTtt. v>f ^P7°n-fe y-tf^I»aSB 
ill^ilS. ^t, C 1 1 LTM 

»WI^Brfflv\ I CI 1 1 Lt^SWi 

c 1 tszv 1 c 1 1 1 hiz-mm^mmi'wmwzm 

[0049] IC1I1 I S 1 , ft 

iimopizifts. mmi sitpbiajjmop 
1 ^m^mw£ft®T-m^T&&ffl8mm^D 

T. /DTA*a}*HII&OPl^A*§tLS„ 
[0050] EMIB&OP lfi. HaiRF R2. 
NMOSh7Vy'X^QlQ2, tSBftl 1 **tf. ** 

S. KafitRl^ffiSiNMOSF^y^'X^QlO 
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-m bmt*il&> N .VI O Sb-jyitz -9 Q 1 c?) y- h 

(,z\±mmmmnvTi]Hm^ti& . NMosh^yy 

x?Ql offiffififlSES I 1 W-S fc ««E $ i U> . «t 

s 1 1 ^flfisgttisaim^ffii&sfLS . mmmR 2 
^-sumsmmTTmm^tih . »aaKSR 2 

£ „ N M O S F 7 y is A 9 Q 2 CO F «4IM!^M 
#/DTtf&*&§;h.£. nmOSYyyyX9Q2ffM 

MOS h?y : JX?Ql k<7)®m&?i>hS-YN Hi 

k»t 1 ts«3*u> . mmxR 2 fc NMO S F 

yy=JX?Q2> COim&Tfc h J- F N 2 
[0 0 5 1 ] ±IE«idt. NMOSb^yy^Ql 

fcj;v'Q2tm^i!ii lfctiomaiiOT-^ai^iii 

S^fMf^Iff^DT, /DTfcjfBCC. 7-F'N 
1 , N 2^5WCffll%fM«?tfi^ IO./IOtf 
fratWTl, T2M"ix^fUitf)£tLl>„ 2ri5. *£S 

ffitn:Rifcj;v'R2ii:, miiz^i-^diz. ^mwms 

1 c i mmzj-^mrz tiuu i c 1 

[00 52]^#*g«IClli4, f*)|«#ISl 

i , atjhi® i p i ?j)\m i p i a, tffL 

1— L4, PMOSF^yy'-X^Ql 1~Q14£# 
tf. tffiLl^-«t{±1Kia«EVCC*«flB&S#l4. 

t#L i <nmm<ny- fn 1 1 ta. £3£KftT 1 ax 
tfPMOST^Vi^Ql ieo-JB^fiSttS*iS. P 
MOS hyy'JX^Ql IcOffiSiPMOS h^y^x 
*Q1 3^-«fc«^£ftl> 4 PMOSf^yy'X^Q 

fOTffil SI 1 bim$tL&. PMOSh^yy^ 
Ql 30y-F(4y-F'Nl 5^^LTtg*mfi^ffi*& 

5ii mt i - .iKi-i^r^^b ^f*M5i( n. 

ffiL 2 t0-Sti4mSm)±VC C#flfc*&$;flS . flit L 

2 cOflfiST* 6 7 - F N 1 2 (4 , fsiM«T 2 «fc tf P 
MOS Y-yytJXy Ql 2cr>-tQtim$il& , PMO 
Sf5yy"X^Ql 2«y-MiPM0Sh7yy'X? 
Q 1 1 H Xl/Q 1 3 »iMt*|,7- FN 1 3 fc 
§ft.|> 0 PMOSb7yyX^Q12«f«iiPMOS 
h7> : JX?Ql 4CD-H§tWmtL&, PMOSb7 
y : JXyQ 1 2HXI/Q 1 4 7— FN 1 
4liPMOSh7y^Qi lwy-btKBHlSti 

PMOS Vyy'JAyQ 1 4<?)7-'-b{4y-HN 1 
5^LT«ffimfi**fl8&§nS. PMOS hyy i/X 
^ Q 1 4 Oftgt ft S / - f N 1 5 IJISL 4 
•fctfFMII&I S 1 1 fcffiKSflS. fffi L4c0«t 

[0 0 5 3] ±fE<7)i:d£. 2o«PMOS F^yy'-x 
^Ql lfcititQl 2£7nX% 'vTJimiZtmL, * 



Ki^crtYV -i ym^zv MO S\-yy is 0,1 3HX 
t/Q 1 4%*ti?itimtZ> liti^^h-a 

J:VT2^^MmSff-^I O s /I0*V-FN1 
1 . N 1 2 !.:(Jt^3iLS . fflffflT|T^Uri-H- 10, I OA* 

to i p l «A7M y h -y>x(4^$ < is . n 
-oa# z-cm-iift<7>mffiti s AJizti& y^- f 

<7)*S£, A?Myt-^>x(4AIK£& s £iy JJE 
«*Wyh3yM 0S#^ffiBg1-SPMOS byy'Jx 

y-Ftlfc) SrllttL. ^t. PMOSF^yy'x^ 
Q 1 1 -Q 1 4 S: MWflST-Ilff §itl> ,1 1 £ j: 0 , h 
?y;y*?!f#tt£-gc§-£& i fc ^-C'# £> . 
PMOSb7^?Ql 1~Q 1 4tDlM)t£;tj&|5l- 

t-t* ; fc , y^ mis$^m(=ik 
ff^-tts^tA^fcis, 

[0054] ±IE^*lt^*l^\ PMOS h yy~JXy 
Ql lfcitfQl 3i4tt?iJtS^S^, y-FNl 
«BRS*iT«e*8Wfl!l«T^>f x*6Sr^fcft. PMO 
Sh^y^'X^Ql lfciWQl 3&S!th.S1BSE(i^t 
<+£*>. ttz. ±|£Oj;3tPM0Sb7yy > 'X^Ql 

w&mdi&m-sv-x ■ y-bmizmnztimmtf 

%fL<%&. -r>& *). PMOS b^y^'X^Ql 1(7)1 
EV1 fcPMOS \-yy'JX9Q, 1 3<7)«EV3fci4^ 
L<iSo 

[0055] ±fEfc|5lttt, b7y^'X^Q12 

iiJ:^Q14taEh.4WS*>^L<=Sr5(iOT, PMOS 

X^Q14^mEV4fc*t^t<^&. -cOfe*, VI 
+ V4=V2+V3fc&v\ 7— FN 1 lfcy-FNl 

6 fc coiaomE fc , y - f n 1 2 fc y- f n 1 7 fc oral 

(0»E^L<i5 o Ztili. AAWIP1W/-F 
Niifcy-FNi2fc «»fiy ^/^'^ L < , 

»^'i^ifc^LT^I> 0 Zco'tm, AAWIP 

i (4, newi^stt^, nmmzmiri ztizx^ 

[0056] Uzti^ X , A*$il^M€^ff^ I 

o, /lo^mkmzx 1 ).. tivyy^yKT^to^i 

tihmmm^it l , t?t l 3 *j i # l 4 t^aA^' 
mstioy-FNi 6Myy~FNi7tttiii 

0, /votUWWisi i^fH^§ixl» 0 

[0057] ±M<?mmzx <o , fflflnmssm-f - 10,/ 
ioc^t^b^'fflffljmEfi^vo, /vo^mE^t 

S»IS 1 l^ATj^ix^ Lfcs&so 

t, raE^i s lfrtiftjjztifzT-y'm^Tfom 
mo, /loiz^mti. m&^-vtzx ofEiMsss 
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T i 5un2£ (rixmmm i i u\jj}^h 
h . ^Bfomw. icna. LizmffiLmn i 

o. /io£*EE*-l«fcS8!tU *M€J±fi^vo, 
AOS- I S 1 1 'vft^iT 5 . 
[0 0 58] #Ct, mit^AEti^^y^^x-Xix 

xrAcofi^g^tou-ciiwts. H2(±, aits 

foh, 02T(i. mi®€EVCC^5VtL. iR3g<& 
VDT£2. 8VfcLfc^«m^S9BS:SLTV^. 

fflflitSft^DT, /DT, iUt/fM1IJ±fI^VO, 

/v o j±#fi ^tesr* t T 0 , N M O S b y > y 

X?QlfcJ;t^Q2, sfir&tffcPMOSb^VS^Q 

i liji^Qi 2cr)&mmi. mmm^fix^z, 

[OO59]02Sr#BSLT. M^iff^DT, / D 
Ttfmt-f&t, PMOS h5>>"^^QlfcJ:y'Q2 

saEh-snat^t-f-s o ; ^mm.mmum i & ± 

VT2^^UTA^HIS&I P l^AASfU PMOSh 
7 y i^X ? Q 1 1 J; Q 1 2 S . P M 

t, ffl*t«ei#vo, /voffmsLmtbti. itz 
a^t, mmmvT. /DTmmcmzmtfz 
mms±mvo, /vomumi si i^a^s 

fL&. JJE-aWMiST, y-KNK N2, N 

1 1 , *J WN 1 2<^ffiiKff—©9«ai:$roT^ 

I). 

[0060] JJlhOliftstJ; 0 , ¥z£*$IB IC1K 
¥«*SE I C 1 1 ^«85*- FT'ffltfm^fi^'fro* 

[oo6i3i&. x-hmn i phi, mjBSfc£8iai 

it, jfctMo p i <-rs i t #t 
tm, ttcomt- Ft «t a m^mmm ioox 

2 0 0 ^m' Oi§^, *»»0ft^[IIKT13*U 0 X 
30//mi t^S^fc^'T^, ltJlfirg«T^Xffl« 

[ 0 0 6 2 ] $ tz , #ggtfcWeii, frailU&T LT2 
W»OP lI(«S«§fitv*\ 

ii»T i,T2 oifftt^ ye-mii -jRWt 

ii, 5 0Q, 1 2 0n^Cft&^tMtT, AMl^HI 

s#^A*^yt-^>^(±/h§i^ uttfoT, ±is^ 
«fc a t A3M i p i fflitMt>s$N-f , a^m yt- 

*>*£/Jv£ Hi 1 ). AAHIKI P1KJ: 

^^3^S£^fttc«ffiLfc«!B-cejSIB»T 1 , 



mmmmm^, mm^ u mm > p 1 ntzjimffi 

«2fgc0A§£cDliMi:£-g> o 
[0063] lilT. »ffiffitJW'#£L^^t 2fgO 

i, ' . AMajcOA^Myt-^'yx^R, AMl^m 

ei +e, ' = e 2 =R i 2 ■■■ ( 1 ) 
ii "ii ' =i, - (2) 

i i =e, /Z 0 ■■■ ( 3 ) 

ij - = ei - / Zo ... ( 4 ) 

k%b. <JCt, (1) , (3) , (4)^0, 

e, ' = { (R-Z, ) / (R+Z 0 ) } ei ■■■ (5) 

( 5) ^Sr ( 1 ) sWtA-t&fc. 
e 2 = (2R/ (R+Z 0 ) } ei ■■■ (6) 
b%&, »Ct, ( 1 ) - (3) , (6) 

i, =2 ij Z 0 / (R + Z 0 ) ■■■ (7) 
i:3r&. ^t, (3) ~ (5) Si"5, 

ii ' = { (R-Z 0 ) / (R+Z„ ) > ii - (8) 

XR\±0b%*). (5)^(8)^10, 
e, ' =-e, - (9) 
i! ' =-ij - (10) 
e 2 =0- (11) 

i, =2 i- (12) 

b%&. Lfzi^X, AMiJ«*^i 2 (±. AIM«« 
Sii ^2afc&D, A^ES^lPlii, aj*0»OP 

i <n^mw) 2 mmmxmmz , «sw^#t 

1 S£ t«KBt 5 i t *Hfg 

[ 0 0 6 4 ] S ^t, *»fi^JT"ii, ffi^HKO P 1 1 

ii, ms&mR i , r 2*fg^stL. »amfivTTt 

ti, HHt{i^t0QT"{±^<, W^tffiufiKffi 

its. l^'^t, eamTh T2^iftxm 

« J: o t»Jgffi6ER 1 , R 2 1 1 0 , fe3M«T 1 , T 

2 c7)!Rftt-f yt-^yx t fH^Uo^ yt-fyx t « 
S^ffit^T^SWT, S«A*0ff^I P 1^I« 

[ o o 6 5 ] $ fet, mffitLVTTzm^zn.mzm 
fct&zt t «t o , a*@s# i p i ^sffi^ xwmmx 
Aiimipi im-tz - 1 , $ t tm/j^m 

[0066] act, *HBJ!om2 OMftM^UTf^ 
x-XisXTJ*(7)ffif&Z^-fy , n>y7mxfoZ><, H3t 
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Ay^y^-x^XT^bxm^hMi. y-FNii 
tsivn i 2 ««h;r li. r i 2 j&*ffjn3*ifcjfi 
TJ> D . ^ffM^mmiiz^t^ij^ yyy x-y 

is Xt- A fc |S|»T* 5 «T"OTP**IMBJ&^B&-r S . 
[0067] 03S:#aiLT > I C 1 2 (4. 

KffififiiR 1L Rl 2 £3 £>fc-£tr. «SfiffiR 1 1 

1 1 «^§fLS . ftffiffiffiR 1 2 i, H N 1 
2tWmtih„ H3T14. MHSR1 1, Rl 2^ 
¥»#cggl C 1 2«rtMSgLTV^^\ 

\p\mmztmLx^z.^L, wi»ici2 

[oo68] ±me>i o iz. mtst&m 1 1 &xvr i 

2 swan-*-* i 1 1 i o . eaaaKT i . t 2<mm 

y tf- y y y t AMiT^A* A y t - mfc 
sirs ; 1 #-c# . xw^^Kmt£<tz b iPC 

[ o o 6 9 ] mz . 3 ^»i^j^a*^) 4 y 

^j-XyXfACo^tlfln. 14(4. *lfflB 
c03?3<0Htt»)Aai7M y^7x-XyXfA« 

-X^X-r^tH3t^-tAtiiA'f ^7i-XWf 
Afc-Cil&l>*(4. fiffiR 1 3fc4V'R 1 4#ft&n3*i 

-x y Xt- a t e«?j> * ornnsui ^Jt^t 

I). 

[0 0 7 0] @4Sr#BSLT, I C 1 3(4. 

gfilR 1 3 , R 1 4 fet-frtr. ffiffiR 1 3(1, fro* 

wt 1 1 y- h n 1 1 tcommmz^m^ixi . is 

t£R 1 4(4. ftfflmT 2 b y— FN 1 2 b VffilZWM 
fcSKSfl*. fiffiRl lJUV'Rl 2(4. Aiimm 

mmcomabLxmmi-6, itz^x.mmmm 
l. T2^#tt-f yh-yyytfiftRi 3, Ri4co 
>f yt°-y>y£#^A7Jffly)7^H yt-yyy t 
W^r^ffiffifiiRl liJitmi 2tJ; t 9KSittc 

4 0 , AMliJoA^M y t-yyy#A£ < 
mmmm^nnu Ltz^x t . 4 0 sa^fi^ is* 

■f5<Ii:* f nr^i:>5:&. 

[ 0 0 7 1 ] *fflfr>&4vmi&fr>MStii4> 
?yx.-XiyXfMz^XMWi-&> 05(4. #$£HJj 

w®4 wsufefflw Affi;fM y y y x yxf^«« 
ZTfrtru •ytmxfci* m 5 (sR-tAaj^ y x 
-y y^fA b m 1 tssrtASMM y 9 y x-y yxt 
a b xrn^h m . atti0S&o p 1 &&iimo P2C 

S^fltoSCC* 0 , ^cDflScDjStJH 1 t^ASJ^y 

yyyx-yyy^At mmx-fc h cDxttTim%m.m 

[0 0 7 2] 05£#EBLT. ^«*SgIC2(4. ft 



1 s 1 . tfcfjiueK) p 2 &-&tf . mfimm P 2 
(4. NMosb7yy'yyQ3. 04&#tp o nmos 

f7yyy?Q3coy-M:(l ftSW I S 1 
Hflilff-sf-DT^A^Sixl). nmos hyy>>'yyQ 

3<7)-ma&mm 1 bmmzti. im&wmm 

gift, NMOS b^yiyxy 04^-1^(4^0 
ft I Sl^Mftflff^/DT^'A7j£^o NMO 

s Yyy^x9QAO)-mi\mm.m2 bmmzti. 

[0073] ±iey)4 d t. jfj^ma&o p 2 (4. r^y 
^yffl^NMOSFyy^'yyQ3. Q44Dffi«^ii 
S. -t%b*>. *^0E#OP2(4. nv^ym^Vy 

yitx?^xm$LHiihtz^. m%m-i x&tmz 

[0074] ±tz. tB*Eiffi0P2(i, yvi/y'^yfflo 
hyyy'yyy)^t"liit^iil>^ft. rtSPIUS^i s 1* 3 

ivwt^^h NMosb^y^'yy * 5 mM & § la < 
itt^l>» -77. ^aifrSMi c 1 i-ci4. yvwy^ 
yffl<7)NMosh7y^'yyQ3. Q4*gitk<«e« 

^Jt^AtHTj^yyyx-y^yrA-C'^. 

© 1 SOftlfeMfc H*K . feiMIMT 1 . T 2 ±t(4«J± 

»f4Kftf\ nmxn^mmtiz. zmm. 

[007 5] <^(C , 5 ^)»»Affi^^ y 

movmmmwyi > : - ' • ^ ?,-?A^fM 

[0076] mezmmix. Affi^^yyyx-yy 
y^A(4. 1 c 3 . 1 c 1 2 . mmmr 

1 . t 2 & ^tf. ^m^mm 1 c 3(4. pisw 1 s 

1. aj^HIfi&OP3&#tl 0 ffi73WOP3(4. PMO 

shyy^'yyQ5, Qsm^fiftificn 
(4. ^IKiS I S 1 1 . A^10K I P 2 ^ti\ A^10 

S&i P2(4. t#L5-L8. NMOshyyyyyQ 

1 5-Q 1 8^#t^„ 

[0077] I S l*^^T-yT'*l.fflffl 

ifSft^-DT. /DT*sajAHIKOP3^ajA§^. 

PMOshyyy'xyQ5 w^*- h t(4. fflWiff ^ 
DT**7JjSii5. PMOshy>-y'xyQ5i7)-S4 
€SmEvcc^g(t. «(4feM«Tl 
§ 0 PMosbyyyyyo6«y i -Mci4. f@Mfta 
fi-f/DT^'A^Six^o pmos byyy'yyQ6y> 

-st(4€«mj± v c c mm $ n . «(4 &ms& t 

2tffi^$fL§ 0 

[0078] flffiL 7 c0-Sffia4Stt€fi^ffi*££fl. 

flffiffiti, egOTTifciw'NMOSbyyy'yyQi 
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5<7)Stmm$tlZ>. NMOSb^VyX^Ql SCO 
««4 N M O S b y V i/X 9 Q 1 7 t Se£ 

& 0 NMOSb7yy^Q17«y-M:ll y-b' 
N2 5^^LTmiSmJ±VCC^tt^^ixl. 0 NMOS 
b5y^y.?Ql 7c9«f4ft#L5c^SfcJ:T/ftg|5 

hsi s 1 1 tmmtii* t^L5««w±€iS€ 

ffiVCC tfffiiteSflS „ Hfiff L 8 (O-SSttiSSWfi** 
#t*££tu «(4. fEiISKT2fc t J:V'NMOSh5y 
=JX?Q1 ettm^il&c NMOSF^yy^Ql 

7 T'$> S J - b N 2 3 fc »M § ft h . N M O S 

h^S^Ql 6«±NMOSb7yyX^Ql 
8<7)-SkSS5E§il£„ NMOSh^y^'X^Ql 6£ 
cfcV'Q 1 8 «SS 6 7 - b N 2 4 (4. NMOS b 
7>yX^Ql S^-bfcJgJ^flS. NMOS b 7 
y^^Ql 8«y-H±y-bN2 52r^LT€iIfl: 
EVCC£Sft£ 0 NMOS hyy-JX^Ql 8c7)ffiig 
f4. t#L6^-ffi£4:Wlg«I S 1 1 tKMSti 

[0 0 7 93 JJE^i'Sfc. H6tS<tAaj*-fy^7 

7x-XyXf AkN«?$>l>75\ #TA'^X(7)«ttfc 
it^Stt^ifit^o-CV^. "tfc*^ tt5»&OP3 
(±, 7°;b7-y7°ffl<?)PMOS h^y^'X^QS, Q6#> 

^WfiststL. m^mmp 3co\sm-i xit, miim 

pmo s b ? y >Jz?tfVfamtk< - b \zf£h . T;b 

T-yTffl^PMOSb5y^X^Q5, Q6tf)3l&<* 
MH£ A*IHI& I P 2*«^(t. I P 2 tJUMt 

t|3|«iC gMllKTK T2±t=(±m£BBBJ±3Sh. 

T , - bK«fc A^ ^mm-^tzi^T t> 

[ 0 0 8 0 ] *M^lil6«M»^Aft7M y 

6 «M4W« Affi A 4 y ? 7 x yXfAWSlS 

[008 1] 07£#8SLT, A*MV5'7x-Xy 
XtA(4, I C 4 , I C 1 4 , fiiWT 1 

bT"fiW I c l 4MSM£ix§„ -f&fc^ ± 

£-»ftMT"(4. y yyVHi- FffiTJ^J&^LTi^ 

[0082] ¥m#mw i c 4(4, i s 2 . aj 



^0SSOP4&#tf o ffi7JH!$OP4(4. NMOSF5 
yd/X^Q7§r#tf 0 F*]§«I S2fcL fo&T-?T 
ftSfttHt^-DT£ai*EIffiOP4^ai^-f--5 0 NMO 

s b 5 y y-".x ? q 7 coy 1 - b t(4 , fftafi ^-d t^atj 
£:fx& 0 NMosbyyyyyQ7^-sti4«ffii:fi 

-oT. Eti^mS#OP4}i;, 7°;b^"^yfflc0NMOS b5 

vxx^q 7<o*T«ifi§^s^. t&afi^D t^vn 
-r i^uo t # . NMosbyyy'y^Q7 

[0 083 3 W££gIC14(4, SI 
2. A7J0SSI P3£#t?„ A730BI P3tl *#L 

i k NMosbyyy'yyQ2 1, ayvtF-ycp 

sii. (Kid. ^;[ni^y.bLy\:vu)s b-7>yxyQ. 
2 nmos b^yyxyQ2 1 

OfiiRti. lillSKT 1 SJ;y':i>'^-?CP 1 Wfl 
«A**ffFi:SSH!§<iS. ^y^-^C P 1 ^iEfflA 
TJSiftli. MlfiVr e f A*A*$nS. NMOS 

b5yyyyQ2 ltoy-btii. 3^wcpi 

[0 084 3 ±I5^W;J; 1 9, 
(4. S¥«fiV reft7-FN31 ««fit *ifcjR 
L, NMOSb^yy ; 'y^Q2 lc7)y-b«fi&$Mt 
!>. ^tfOSSJR. y — b" N 3 1 <7)7VI/^'7ytt^ J AS Vi 

NMosb5yy'y^Q2i cvwffMSbtitfT v 
TSix, y-b'N3 1 <7)W5^T^Wx.^^il> 0 iit, 

T)V'f t 7 y USj&S/Jn^ V ^^-(Cl4 , NMOSh^yyX 
^Q2 liO«SIB»7lSrWi.-C, y-b'N3 lOflffift 
T*Wcii§. itOSft, A*HIIII P3tONMOSb 
7>yy?Q2 1 *msr;^^>-lta£t J: 0, 

l 1 1 otitawu y- b n 3 2 tfHTjmfi^m 

U^-^T. y-bN3 2*^€ffll^V0^g|3 
HKI S 1 2^*$tll> 0 

[0085] ±IEO»f^t= J; 0 , f^aff^D T;6J^>f b- 

^cot^, nmos byyyyyQ7* i; t;MHK'7[ 

fe<ittJ; 1 9. A7J0SSI P3i4o-b-^-;b£7)T-y 
«4SW. ©^{LTm^ff ^ I 0*JfeM§tLS ; 1 1 

[0086] mz. 07t^tAffi7j^yyyx-xy 
xrA<^^«gg(cov^T^BH't6. 08(4. 07 

y?y x-xyxT^Mmm^^tm-c 

hh, H8T14. HHbLX. m«mEVCC^'5VO 
«^-£*UTv^. mM«Evcci4^^tt«?E§n 

aft ^ d t is j^mffift ^ v o (4 . ^comm^tix 
ij"3. NMosb5yy"yyQ7fci.y'Q2 l^afis 

ft ^«4^««Sfi*% §ixT v ^ . 
[0087] 4-f , Wmm-^DTffMWfi^lifih k . 
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* . i fLtjE t r , mjEfi ^ v o come^prFts . & 
tL-caj^sfi*. ±fe-aw»siS"c. y-FN 

7 is i IP N 3 1 fc & -> T ^ 5 . 

[0088] ±teoi 5 wt i ±titj±s© 

Faulted &§*tfovtf3§&-et>. 

mmmzTmrn-ti c 1 scot, yxfi>^M 
[oo89] *wm%iomm%<r>K&))iy 

7 7 ^-7,y7,rMz^X%mfh. H9(i, *5MB 
tf>SS 7 cD»ft«cO Affi^ ^ y y 7 x -X Xf 

-xi/X^&bmifc^X'&h-iyyyx.-xi/X^ 
AttMMIi, A7J«I P3^A«£I P4fc 
SEE3fifcj£?S> 0 , ^Offe^{ig|7 fc^vAtfiTM 
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(57) Abstract 

An IQ modulator in which digital I (155) and Q (153) signals, which are quadrature representations of a modulating function, are 
connected into corresponding analogue I (165) and Q (163) signals using a first (156, 135) and second (154, 135) sigma-delta Digital-to- 
Analogue Converter (DAC). The analogue I and Q signals are then combined with analogue quadrature representations of a carrier signal 
(160) using two multiplying circuit elements (166, 164) and an adding circuit element (168) to form an output signal substantially at the 
same frequency as the carrier signal but modulated by the modulating function. Each sigma-delta DAC includes both an adder having a 
carry output which toggles between a high and a low level at a rate much higher than the bandwidth of the analogue signal to be generated, 
and a low pass filter arrangement (135). 
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RF TRANSMITTER 

The invention relates to RF transmitters and 
in particular to a subsystem of an RF transmitter which 
is realised in a novel way giving particular 
advantages . 

It is known practice to realise an RF 
transmitter system using an IQ modulator. This 
technique is used to superimpose a modulation of 
amplitude, phase, or frequency on a constant carrier 
waveform. To achieve this, two signals (usually 
denoted I and Q) are generated which represent the 
modulating function, but centred on zero frequency. 
The two signals are quadrature representations of the 
modulating function, i.e. their corresponding frequency 
components are all separated by 90° phase. These 
signals are then multiplied by quadrature carriers 
(usually constant amplitude and frequency sine and 
cosine waves) , and the two results summed. The output 
is a carrier at the frequency of the original carriers, 
but with the modulation function from the I and Q 
signals applied to it. 

Figure 1 illustrates the operation of a 
conventional IQ frequency modulator. Input signals I 
and Q are input along lines 65 and 63 to two circuit 
elements 66 and 64. Two further inputs 6 0,61, one to 
each circuit element, originate from the same input 
line 6 0 but one of these has a 90° phase shifter 6 2 
located before the circuit element 66. The outputs of 
the two circuit elements 66 and 64 are inputted to a 
third circuit element 6 8 and the output of the 
modulator is passed out from here along output line 71. 
The I and Q signals correspond to sine and cosine waves 
which are frequency modulated about zero frequency, and 
these are multiplied by sine and cosine waves at 100MHz. 
This results in an output which is a frequency modulated 
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wave at 100MHz. In order to see that this will indeed 
be the case one simply needs to consider the well known 
trigonometric identity: - 

Equation 1): sin(c + m) = sin(c) x cos (m) + 
5 cos (c) x sin (m) ; 

where c = the carrier frequency, and m = the 
modulating frequency (ie. the frequency of the I and Q 
signals) . 

The first, second and third circuit elements 

10 64, 66, 68 of Figure 1 act as operators which 

correspond directly to the algebraic operations in 
Equation 1) . That is, first 64 and second 66 circuit 
elements act to multiply together the two input signals 
60, 63; 61, 65 to each element 64, 66. The Q signal is 

15 input to the first circuit element 64 via line 63 

together with a 100MHz sine wave carrier signal which 
is sent along line 60; the Q signal corresponds to the 
cos(m) term of Equation 1) while the carrier signal 
corresponds to the sin(c) term. Similarly the I signal 

20 (corresponding to the sin (m) term) sent along line 65, 
and the 100MHz cosine wave carrier signal 
(corresponding to the cos(c) term) formed by passing 
the sine wave carrier signal through a tj/2 phase- 
shifting circuit element 62 sent along line 61, are 

25 inputted to the second circuit element 66. The output 
product signals are then inputted to the third circuit 
element 6 8 which simply adds the two signals together. 
The output sum signal sent along line 71 is the 100MHz 
sine wave carrier signal, frequency modulated by the 

30 frequency of the I and Q signals as required, and 
corresponds to the sin(c + m) term of Equation 1) . 

It will be noted that this process requires 
in phase and quadrature versions of both the carrier 
and the modulating signals. This technique avoids the 
35 need to directly modulate the frequency of the carrier 
wave, which can be troublesome if it is synthesised or 
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derived from a crystal. 

Typically, radio transmitters seeking to 
transmit a digitally encoded signal have used 
conventional digital-to-analogue converters (DAC's) 
based on a combination of scaled resistor values . 
Generally in these DAC's the resistors double in value 
and are respectively connected to the outputs of, for 
example, a register, from which the output signals 
correspond to the bits of a binary number, stored in 
the register, which it is desired to convert into an 
analogue voltage. These conventional DAC's require 
matching of values to achieve high accuracy output. 
Generally it is difficult to achieve matching between 
the resistive elements used better than about 1%; this 
corresponds to about 6 bits of resolution (on an 
analogue chip process) . This can be improved by using 
larger area components or by trimming, both of which, 
however, incur extra cost. Generally it is convenient 
to use digital chip processes whenever possible since 
this will reduce the costs involved and increase the 
choice of IC vendor. However, the sort of components 
available on digital IC's for use in a conventional DAC 
are even cruder. 

According to the present invention there is 
provided an IQ modulator comprising digital to analogue 
conversion means for receiving a digital I and a 
digital Q signal, which are quadrature representations 
of a modulating function, and converting said digital I 
and Q signals into corresponding analogue signals and 
combination means for combining said analogue signals 
with analogue, quadrature representations of a carrier 
signal having a constant carrier frequency to form an 
output, analogue signal substantially at the carrier 
frequency but modulated by the modulating function, 
wherein the digital to analogue conversion means 
includes a first and second sigma-delta DAC for 
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converting said digital I and Q signals respectively 
into corresponding analogue signals. 

Preferably the sigma -delta DAC includes an 
adder having a first input to which a binary number to 
be converted is applied and a carry output which may 
toggle between a high and a low level and a low pass 
filter connected to the carry output. The adder 
repeatedly adds the binary number to be converted to an 
accumulating total applied to a second input of the 
adder until the accumulating total exceeds the maximum 
number which the adder may output. At this point the 
carry output goes high. 

The adder preferably has a sum output 
connected to the second input via a register. The sum 
output is generally a binary number equal to the sum of 
the two numbers input at the first and second inputs of 
the adder. The register is clocked and repeatedly 
presents the sum output of the previous clock cycle to 
the second input of the adder as the accumulating 
total. When the sum of the two inputs exceeds the 
maximum number which may be outpunted cr. 
output, the carry output goes high ar.d :r.e :-tput 
wraps around as explained below. 

The carry output is preferac.y oa:cj ry Deing 
passed into a simple flip-flop which is preferably 
clocked at the same rate as the register such that the 
output of the flip-flop is high for a whole clock cycle 
whenever the carry output goes high. The low pass 
filter is then preferably connected to the output of 
the flip-flop. 

Preferably the low pass filter has a 
breakpoint frequency, at which frequency the ratio of 
the amplitude of a signal passing into the filter to 
the amplitude of the output signal would be 1//2, which 
breakpoint frequency is lower than the rate at which 
the register connected to the adder is clocked. 
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Preferably before the low pass filter the 
carry output of each adder is split into two branch 
lines and each DAC further includes a notch filter 
arrangement comprising a delaying shift register 
located on one of said branch lines for delaying the 
signal along said one of said branch lines by a 
predetermined amount, and a reconstruction filter 
arrangement in which the signals along said two branch 
lines are recombined. 

The low pass filter and the reconstruction 
filter arrangement may conveniently be combined to form 
a low-pass, reconstruction filter. 

The IQ modulator is preferably incorporated 
into a radio transmitter for use in a radio 
telecommunication system; preferably the radio 
transmitter will be a CT2 radio transmitter. 

In the preferred system to be described, the 
baseband I and Q signals are generated using a form of 
sigma-delta DAC which can be implemented in a 
particularly simple way if only moderate signal to 
noise ratios are required as is usual in digital 
communication systems. In such systems the data can be 
easily recovered without error in the presence of a 
small amount of noise. 

In order that the present invention may be 
better understood embodiments thereof will now be 
described by way of example only with reference to the 
accompanying drawings in which : - 

Figure 1 is a diagrammatic representation of 
a known arrangement of an IQ modulator for performing 
frequency modulation; 

Figure 2 is a diagrammatic representation of 
a sigma-delta Digital-to-Analogue Converter (DAC) ; 

Figure 3 is a diagrammatic representation of 
an arrangement for adding a notch- filter response to 
the output of a sigma-delta DAC; 
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Figure 4 is a diagrammatic graph of signal 
amplitude vs. signal frequency showing the effect of a 
notch filter; and 

Figure 5 is a diagrammatic representation of 
5 a CT2 radio transmitter incorporating an IQ modulator 
according to the present invention. 

Figure 2 illustrates the operation of a 
sigma-delta DAC. In a sigma-delta DAC, the raw 
converter output is digital, and toggles between only 

10 two levels (denoted 0 and 1) . The digital output DO 

toggles at a rate much higher than the bandwidth of the 
analogue signal to be generated, the rate being 
controlled by a system clock 20. This output is low 
pass filtered at a frequency slightly larger than the 

15 bandwidth of the analogue signal to obtain the output 

waveform 19. The converter is controlled by logic such 
that the duty cycle of the output corresponds to the 
required output level. Thus for a low output the 
converter digital output DO spends most of its time at 

20 °' and for a high output it is mostly 1. By varying 
the duty cycle, any voltage between the two extremes 
can be obtained. Unlike pulse width modulation 
schemes, the digital output is only high or low for 
whole periods of the DAC clock. The accuracy and 

25 repeatability of the DAC output mainly comes from the 
stability of the output buffer voltage supply and the 
clock frequency, and is relatively independent of 
external component values, which is advantageous. 

A simple realisation of the sigma-delta DAC 

30 is shown in Figure 2. A number N representing the 
output value is input at input terminal 10 to a 
register 11 and forms the input signal to the sigma- 
delta DAC. It represents the output level to be 
produced by the DAC. It is updated periodically to 

35 make the output waveform. This number is fed to an 
adder 21, where a number A repeatedly has N added to 
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itself (A := N + A) . This process is effected by 
taking the sum output 24 of the adder 21 and inputting 
it to a further register 12. In each clock cycle the 
sum from the previous cycle is shifted to the output of 
the further register 12 and applied to one of the 
inputs of the adder 21. This occurs at the rate of the 
system clock 2 0 which is higher than the rate at which 
N is changed which is determined by the sample clock 
23. The number A increases until the register 21 
overflows, whereupon the number 'wraps around' to A 
modulus (M+l) , where M is the maximum value the 
register 21 can hold. The signal 22 from the adder 21 
which indicates overflow is retimed by a simple flip- 
flop 13, and is used as the DAC output, when suitably 
buffered by an output buffer 14. The duty cycle of 
this signal is directly proportional to the number N, 
and so the low-pass filtered voltage derived from it is 
proportional to N. The low-pass filter 15 shown here 
simply comprises a resistor 16 and a capacitor 17 
connected to ground 18. The signal is retimed so that 
the finite propagation delays in the logic to generate 
the carry output do not affect the duty cycle. 

In the implementation to be described, the 
converter is realised with a normal logic output buffer 
as is commonly found on any digital IC, together with a 
discrete RC post-filter. This realisation has the 
particular advantage that the analogue IQ function may 
be realised on a purely digital IC, thus reducing costs 
and widening the choice of IC vendor. In addition, the 
sigma-delta technique has advantages of inherent 
monotonicity and (provided the output is loaded by a 
relatively high impedance) well controlled accuracy and 
offset. By suitable choice of output buffer, its 
impedance can be made low compared to the load of the 
post filter, and acceptably small errors result. One 
reason why it is particularly advantageous in the 
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present invention that the chosen DAC's should achieve 
good linearity and monotonicity is because the I and Q 
waveforms at any instant will have very different 
values (because they are a quarter of a cycle out of 
5 phase) . If the DAC's do not have good linearity and 
monotonicity the digital I and Q signals will not be 
correctly converted into analogue signals which differ 
only in their phase. Such errors in conversion cause 
spurious products in the modulated output. 

10 Figure 3 shows a notch filter which is 

specially adapted for use with a sigma-delta DAC. 
This has the advantage that well controlled filtering 
of the I and Q signals may be obtained by simple 
manipulation of the digital signals feeding an output 

15 filter 35. In the particular implementation of 

interest, the logic signal output (I or Q) from the 
sigma-delta DAC is split into two signals which are 
presented to 2 output buffers 33, 34, one via a 
delaying shift register 30 which introduces a delay of 

20 several clock cycles. The two outputs are summed in 
the reconstruction filter 35. This delay and sum action 
imparts a notch filter response on the analogue output. 
Frequencies where the delay of the shift register 3 0 is 
an odd number of half cycles are cancelled. The 

25 cancellation frequencies depend only on the frequency 
of the system clock 20 and are thus extremely 
repeatable. The depth of the cancellation notch 
depends on the matching of the two summing resistors 
37, 38. 

30 The graph of Figure 4 illustrates the effect 

of a notch filter. The output signal from an IQ 
modulator is shown with its amplitude (A) along the 
vertical axis plotted against its frequency (F) along 
the horizontal axis. The output signal is plotted both 

35 without the notch filter applied (U) and with (V) . In 
both cases it can be seen that the wanted part of the 
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signal (S) has the largest amplitude and is centred 
around the carrier frequency (fc) . However, in the 
case of the unfiltered signal (U) the amplitude of the 
noise (N) only falls off slowly away from the wanted 
part of the signal (S) , whilst the noise in the filtered 
signal (V) falls off very rapidly to zero at 
frequencies of ±500kHZ either side of the carrier 
frequency (fc) . In this case the filter has a depth of 
100% which would require the two summing resistors 37, 
3 8 of Figure 3 to have equal resistances. 

Figure 5 shows the currently preferred IQ 
modulator and notch filter arrangement incorporated 
into a CT2 radio transmitter. A microphone 102 
initially detects an audio signal and converts it into 
an analogue electrical signal which is amplified by an 
initial amplifier 104. The amplified analogue speech 
signal 105 is then passed into a speech encoder 106. 
The resulting signal is a 32 k bit/s digitally encoded 
speech signal 107 . This signal is passed into a speech 
buffer 108 which re-transmits the signal at a faster 
bit rate in short bursts. These bursts of speech 
signals are then combined with signalling data 110 and 
synchronisation data 111 in a CT2 burst formatter to 
produce CT2 format bursts at a bit rate of 72 k bit/s. 

In order to radio transmit the information 
contained in the CT2 format bursts, the bursts are 
converted into suitable modulating signals and used to 
modulate a carrier signal at the desired carrier 
frequency suitable for radio- transmission . This is 
done in two stages by the IQ modulator. Firstly 
analogue I and Q signals are generated by a first part 
150 of the IQ modulator. These are quadrature 
representations of a modulating signal (such as a sine 
wave) frequency modulated about zero Hz by a modulating 
function representative of the information stored in 
the CT2 bursts. Then these analogue I and Q signals 
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are combined with a carrier signal to produce the 
required modulated signal by a second part 162, 164, 
166, 168 of the IQ modulator. 

In the first part 150 of the IQ modulator, 
5 the CT2 format signal bursts are firstly processed by a 
digital IQ signal generator 152 which outputs a digital 
I signal 155 and a digital Q signal 153. The digital I 
and Q signals essentially represent "sample values" of 
the values which the analogue I and Q signals, which it 

10 is desired to create, should have at the discrete 

"sampling" times. In the present embodiment 20 such 
sample values are produced for each section of the I 
and Q signals representing one bit of the CT2 format 
signal entering the digital IQ signal generator 152. 

15 The "sample" values take the form, in the present 

embodiment, of 8 -bit binary numbers. These are then 
input into the sigma-delta DAC,s 154, 156. Being 
updated 20 times for every CT2 bit, amounts to a rate 
of 1.44 M bit/s; this corresponds to the rate of the 

20 sample clock 23 of Figure 2. 

Meanwhile, the output signals 129, 131 from 
the sigma-delta DAC's 154, 156, are toggling at a rate 
of 7.2 M bit/s. However, the maximum frequency which 
the I and Q signals need have is 36 kHz thus the 

25 requirement that the digital output DO should toggle at 
a rate much higher than the bandwidth of the signal to 
be generated is easily satisfied in this case; in fact 
the digital output DO toggles at a rate about 2 orders 
of magnitude greater than the bandwidth of the I and Q 

30 signals being generated. 

The digital output signals, whose duty 
cycles correspond to the analogue I and Q signals 
required, are buffered and then passed through low- 
pass, reconstruction filters 135. The outputs from the 

35 filters are the required analogue I 165 and Q 163 

signals. The I signal 165 is then combined with the 
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carrier signal 160 (an 866 MHz sine wave) , having 
passed through a 7r/ 2 phase shifter 162, by 
multiplication in a first multiplying circuit element 
166. Similarly the Q signal 163 is combined with the 

5 carrier signal 160 (without having passed through a 

phase -shifter) in a second multiplying circuit element 
164 . The outputs of the two multiplying circuits are 
then added together in an adding circuit 168 to produce 
an 866 MHz frequency modulated signal. Finally this 
10 signal is amplified in an RF power amplifier 170 and 
transmitted via an aerial 172. 

As was mentioned above, other forms of 
modulation can be performed utilising the same basic IQ 
modulation structure as shown in Figure 5. For example 

15 single side-band amplitude modulation can be performed 
if the digital I and Q signals simply take the form of 
quadrature representations of an audio type signal. 
The resultant effect is to increase the frequencies of 
the audio type signal by the carrier frequency (ie. the 

20 signal is translated along the frequency spectrum by 
the frequency of the carrier signal) . 

The main advantages of IQ modulation over 
other forms of modulation are that the modulating 
waveforms can be generated at a low frequency (which is 

25 easier) , and the need to modulate the carrier signal 

places no requirements on the carrier signal generation 
system which is entirely separate. 
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CLAIMS 

1- An IQ modulator comprising digital to 

analogue conversion means for receiving a digital I and 
5 a digital Q signal, which are quadrature represen- 
tations of a modulating function, and converting said 
digital I and Q signals into corresponding analogue 
signals and combination means for combining said 
analogue signals with analogue, quadrature represen- 

10 tations of a carrier signal having a constant carrier 
frequency to form an output, analogue signal substan- 
tially at the carrier frequency but modulated by the 
modulating function, wherein the digital to analogue 
conversion means includes a first and second sigma- 

15 delta DAC for converting said digital I and Q signals 
respectively into corresponding analogue signals. 
2 - An IQ modulator as claimed in claim 1 wherein 

each sigma-delta DAC includes: 

an adder having a first input to which a 

20 binary number to be converted is applied, said adder 
having a carry output; and 

a low pass filter connected to the carry 
output whereby the adder repeatedly sums the binary 
number to be converted and an accumulating total 

25 applied to a second input of said adder, and whereby 
the carry output is high, or low, depending upon 
whether the sum of the binary number and the 
accumulating total exceeds, or does not exceed, 
respectively a predetermined maximum number. 

30 3. An IQ modulator as claimed in claim 2 wherein 

the adder of each sigma-delta DAC has a sum output 
which is connected to said second input via a 
register which is clocked by a system clock, said 
register being operable to generate said accumulating 

35 total from the sum output of said adder. 

4 . An IQ modulator as claimed in claim 3 wherein 
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each sigma-delta DAC further comprises a flip-flop 
which is connected to the carry output of the adder and 
is clocked at the same rate as the register whereby 
whenever the carry output goes high the flip-flop goes 
high for a whole clock cycle. 

5 . An IQ modulator as claimed in any one of 

claims 2 to 4 wherein the carry output of each adder 
is split into two branch lines before the low pass 
filter and each sigma-delta DAC further includes a 
notch filter arrangement comprising a delaying shift 
register located on one of said branch lines for 
delaying the signal along said one of said branch lines 
by a predetermined amount, and a reconstruction filter 
arrangement in which the signals along said two branch 
lines are recombined. 

6. An IQ modulator as claimed in claim 5 wherein 
said low pass filter and said reconstruction filter 
arrangement are combined into a single low pass, 
reconstruction filter. 

7. An IQ modulator as claimed in any cne cf 
claims 2 to 5 wherein each sigma-delta DAT f-itncr 
comprises one or more buffers connected ce:w«?c:. : r.e 
carry output of the adder and the lew pass i . . ' c : 

8. A radio transmitter incorpcrat xr.3 a:, 
modulator as claimed in any one of the preceding 
claims . 
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